We isolated three Xenopus cDNA clones, Xcalp1, Xcalp2 and Xcalp3, which encode different forms of calpastatin mRNA. Compared to the canonical form of mammalian calpastatin, the predicted Xcalp3 protein contained a very long N-terminal domain L and an additional inhibitory domain. The other two deduced calpastatin proteins were truncated forms, both lacking domain L and containing four (Xcalp2) and two (Xcalp1) inhibitory domains, respectively. The presence of Xcalp1, Xcalp2 and Xcalp3 transcripts was detected by in situ hybridization in the notochord from the embryonic stage 20 to stage 36, afterwards the expression was only present in the growing tailbud. As shown by RT-PCR, the three calpastatin mRNAs were also expressed in the adult brain. q
Introduction
Calpastatin is an endogenous inhibitor protein acting speci®cally on calpains, the calcium-dependent cysteine proteinases present in animal cells (Carafoli and Molinari, 1998) . The primary structure of calpastatin, deduced from various mammalian cDNAs, indicates that it is composed of ®ve domains: a unique domain located at the N-terminal side (domain L) and four repetitive domains (domains I± IV) which have inhibitory activities (Croall and McGrody, 1994) . Molecular diversity in calpastatin transcripts has been described in several mammalian tissues, indicating that multiple forms of calpastatin, produced by alternative splicing or derived from mutations, may be implicated in speci®c physiological roles (De Tullio et al., 1998; Takano et al., 1999) .
The calpain-calpastatin system is thought to play important roles in various cellular functions coupled with calcium ion mobilization, such as cell proliferation, differentiation and apoptotic cell death (Murray et al., 1997; Porn-Ares et al., 1998) .
However, the role of the calpain-calpastatin system in the early events of embryonic development is largely unknown.
Results and discussion
We have cloned three Xenopus full-length cDNAs, Xcalp1, Xcalp2 and Xcalp3, showing homology with the mammalian calpastatins. Xcalp1 possessed an open reading frame (ORF) encoding 376 amino acid residues, while Xcalp2 and Xcalp3 contained an ORF encoding 588 and 931 amino acids respectively. All the three ORFs contained the inhibitory consensus sequence LGxK(R)D(E)xTIPPxYRxLL conserved in calpastatin proteins (Fig. 1A,B) .
The putative protein encoded by Xcalp1 appeared to be a truncated form of calpastatin, having only two inhibitory domains (domains II and III) and lacking domain L. In fact, the ®rst translation initiation site of Xcalp1 (which agrees with Kozak's consensus sequence), assigned on the presence of an in-frame stop codon in the 5 H -end region of the cDNA sequence, was located downstream of the inhibitory domain I. Moreover, the ORF of Xcalp1 was interrupted by a stop codon immediately upstream of the inhibitory domain IV (Fig. 1A,B) .
The alignment of the amino acid sequences of Xcalp2 and Xcalp3 showed that the two proteins are identical in the region including the four inhibitory domains (domains I± IV), whereas relevant differences were present in the Nterminal region. Compared to the canonical form of mammalian calpastatin, Xcalp3 possessed a very long domain L and an additional inhibitory domain (domain I H ) (Fig. 1A,B) . Xcalp3, with an extremely long domain L and Xcalp2 appeared to be a deleted form of Xcalp3 since it lacked the additional inhibitory domain as well as domain L (Fig. 1A,B ). An alternative splicing mechanism might account for the difference between Xcalp2 and Xcalp3.
All the three calpastatins contained PKC target sites and potential PEST sequences (Fig. 1B) .
Xcalp1, Xcalp2 and Xcalp3 transcripts were detectable by in situ hybridization in the notochord of embryos starting from the late neurula stage (st. 20), but were more prominent during the tailbud stages ( Fig. 2A±C ; data not shown). In tadpoles the three calpastatin mRNAs expression declined in the anterior portions of the notochord but persisted in the growing tailbud ( Fig. 2D,E ; data not shown). Sectioning of stage 28 embryos showed speci®c expression in the notochord (Fig. 2F) .
RT-PCR revealed Xcalp1, Xcalp2 and Xcalp3 mRNAs expression in embryos starting from stage 14 to stage 42; at this stage the mRNAs expression declined (Fig. 2G) . All the three mRNAs were expressed in the adult brain (Fig. 2G) .
In conclusion, we isolated three full-length clones for the ®rst calpastatin cDNAs obtained in Xenopus laevis. All the three calpastatin mRNAs are co-expressed in the notochord over a period that this midline structure is completing its differentiation and exhibits inductive activities in the neural (Cong et al., 1998) . The gaps are introduced for the optimal alignment. In red are shown the conserved amino acids along all the calpastatin proteins. Yellow shows the inhibitory domains. Green colored regions represent the PEST sequences (PEST-FIND program). The amino acid region shared by Xcalp2 and Xcalp3 is highlighted in light blue. The asterisks denote serine residues representing potential sites for PKC phosphorilation (ppSEARCH program).
tube patterning and somite speci®cation (Yamada et al., 1993) .
Materials and methods

cDNA clones
In PCR experiments using degenerate oligonucleotides we isolated two 700 bp cDNA fragments which were used to screen a l ZAPII stage 28 head cDNA library and a l gt11 adult brain cDNA library (Marracci et al., 1997) .
Three full length cDNAs showing homology to the mammalian calpastatin genes, were obtained and designated Xcalp1 (1514 bp, EMBL accession number AJ243713) isolated from the brain cDNA library, Xcalp2 (2093 bp, EMBL accession number AJ249276) and Xcalp3 (3146 bp, EMBL accession number AJ271209) isolated from the stage 28 head cDNA library.
Whole-mount in situ hybridization
Embryos were staged according to Nieuwkoop and Faber 
